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含硼杂环如 1,2-氮硼杂环戊二烯基  (Ab, 1,2-azaborolyl) 和硼杂苯（Bb, 














如 [2+2] 环加成和 Kharasch 反应。全文总共分以下六章： 





























物(5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2在加热条件下与末端炔烃HCCR (R = 
Ph, But ） 的 反 应 ， 生 成 解 离 一 个 PPh3 配 体 的 中 性 亚 乙 烯 基 产 物







（如 dppe ， dppf ）通过配体取代反应生成相应双齿膦螯合的产物。

































Boron-containing analogs of cyclopentadienyl ligand such as 1,2-azaborolyl and 
boratabenzene are six-π electron aromatic borataheterocycles that is isoelectronic and 
isostructural with the ubiquitous Cp ligand. Their electronic characters are different 
from that of Cp to some extent with a 1,2-azaborolyl more electron-rich and a 
boratabenzene less electron-donating. Thus, the borataheterocycle, upon complexation 
to transition metals, can furnish reactivity distinct from Cp-based complexes and the 
electronic nature of the ligands can be modulated by the choice of the exocyclic 
substituent on boron in response to controlling the properties of complexes. While 
1,2-azaborolyl and boratabenzene ligands have been investigated as potential 
replacement ligand for Cp group in various metal complexes, it is worth to note that 
half-sandwich ruthenium complexes based on such borotaheterocycle have never been 
reported so far. On the other hand, ruthenium half-sandwich complexes with Cp 
ligands have been demonstrated to exhibit rich organometallic chemistry and versatile 
catalytic properties. In this regard, it is of interest to synthesize half-sandwich 
ruthenium complexes containing 1,2-azaborolyl or boratabenzene ligands and 
investigate their reactivity. 
In this dissertation, the synthesis and characterization of a series of half-sandwich 
ruthenium complexes with 1,2-azaborolyl and boratabenzene ligands have been 
described, and  the stoichiometric reactivity of some complexes torward terminal 
acetylenes as well as the catalytic activity of some representative complexes for the 
C-C bond formation involving acetylenes and olefins such as [2+2] cycloaddition and 
Kharasch reaction have been investigated. This thesis consists of the following six 
chapters. 
In chapter 1, the research progress of the chemistry of 1,2-azaborolyl and 
bortatabenzene ligands are systematically reviewed, and the chemistry of the 
half-sandwich Cp-based ruthenium complexes are are summarized, respectively. In 
addition, the research objectives of this dissertation are presented. 















1,2-azaborolyl Ru and Os complexes have been described. Treatment of 
RuCl2(PPh3)3 with 1,2-azaborolyls bearing different substituents on boron afforded a 
series of half-sandwich or sandwich 5-1,2-azaborolyls complexes, and the plausible 
mechanisms for the formation of these complexes have been proposed. In the further 
investigation, a convenient approach based on C-H oxidative addition of the 
1,2-azaborole on the metal center has been developed  to synthesize 
5-1,2-azaborolyls complexes. Thus RuHCl(PPh3)2 or RuCl2(PPh3)3 could directly 
react with 1-tBu-2-PhCC-1,2-azaborole to generated the half-sandwich complex 
(5-Ab)RuCl(PPh3)2 via C-H oxidative addition of the azaborole. As a parallel study, 
the half-sandwich osmium complex (5-Ab)RuCl(PPh3)2 could be also synthesized 
via the synthetic route based on C-H oxidative addition. Moreover, the methodology 
could be also extented to synthesize a diverse set of half-sandwich ruthenium and 
osmium complexes containing Cp, Cp* and Pyrrolyl ligands via C-H or N-H 
oxidative addition, respectively. 
  In chapter 3, the reactivities of the half-sandwich 1,2-azaborolyl ruthenium 
complex have been investigated. Ligand substitution reactions of complex  
(5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2  with bidentate ligands such as dppe, dppf 
and (P, N)-ligand resulted in the displacement of the PPh3 leading to the formation of 
the corresponding chelated complexes. Terminal alkynes HCCR (R = Ph, tBu) were 
allowed to react with (5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2 at heating condition to 
give neutral mono-phophine vinylidene complexes (5-C3H3N(tBu)B(CCPh))Ru 
-(=C=CHR)Cl(PPh3). In addition, the cationic complex  [(5-C3H3N(tBu)B(CCPh)) 
-Ru(PPh3)2(NCCH3)](PF6) showed excellent reactivity toward terminal acetylenes at 
room temperature to produce cationic vinylidene complexes 
[(5-C3H3N(tBu)B(CCPh))Ru (=C=CHR)(PPh3)2](PF6).  
  In chapter 4, the synthesis and reactivities of a half-sandwich boratabenzene 
complex have been studied. Reaction of the boratabenzene ligand C5H5BCCPhLi 
with RuCl2(PPh3)3 provided successfully the half-sanwich product 
(6-C5H5BCCPh)RuCl(PPh3)2. Treatment of (6-C5H5BCCPh)RuCl(PPh3)2 with 
















of (6-C5H5BCCPh)RuCl(PPh3)2 with terminal alkynes HCCR (R = Ph, 
CH2CH2Ph, 
nBu) led to the unexpected formation of the η2-olefin-orthometalated 
vinyl-phosphonium complexes (6-C5H5BCCPh)RuCl[2κ-(HC=CHR)PPh2C6H4]  
derived from nucleophilic attack of the PPh3 ligand at the α-carbon of the vinylidene 
intermediate follwed by orthometalation. The mechansim has been studied using 
DCCPh as the substrate. Apparently, the reactivity of  
(6-C5H5BCCPh)RuCl(PPh3)2 toward terminal alkynes is distinctly different from 
that of 1,2-azaborolyl and Cp* analogues. The latter two complexes have been shown 
to produced the neutral vinylidene complexes. The differnce on the reactivity could be 
attributted to the electron-deficient feature of boratabenzene. 
  Chapter 5 is mainly about the catalytic activity of half-sandwich 1,2-azaborolyl 
complex (5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2. The catalytic property of the 
complex toward [2+2] addition of norbornene derivatives and disubstituted alkynes 
and Kharash reaction of polyhalogenated compounds to olefins has been investigated. 
The result has demonstrated that (5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2 is a 
suitable catalyst for the [2+2] cycloaddition of norbornene derivatives and dimethyl 
acetylenedicarboxylate, but limited to alkynes with strongly electron-withdrawing 
groups attached such as carbomethoxy group. For the Kharash reaction, 
(5-C3H3N(tBu)B(CCPh))RuCl(PPh3)2 showed higher activity compared to the 
reported effective catalyst Cp*RuCl(PPh3)2. The broad scope and mild reaction 
conditions have made it a valuable complement to current available transformation. 
Furthermore, the preliminary catalytic activity of 
[(5-C3H3N(tBu)B(CCPh))Ru(PPh3)2(NCCH3)](PF6) toward α-alkenylation of 
pyridine with alkynes has also been explored. 
  In chapter 6, the general conclusions of this dissertation are described and the 
prospect of this research is presented. 
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Ab       1, 2-Azaborolyl  1，2-氮硼杂环戊二烯基 
AIBN    Azodiisobutyronitrile  偶氮二异丁腈 
Anth     Anthryl  蒽基 
Ar       Aryl  芳基 
Bb       Boratabenzene  硼杂苯 
nBu       n-Butyl  正丁基 
tBu       tertButyl  叔丁基 
COD     1,5-Cyclooctadiene  1，5-环辛二烯 
Cp       Cyclopentadiyl  环戊二烯基 
Cp*      Pentamethylcyclopentadiyl  五甲基环戊二烯 
DCM     Dichloromethane  二氯甲烷 
DDQ     2,3-Dichloro-5,6-dicyanobenzoquinone  2,3-二氯-5,6-二氰基-1,4-苯醌 
DMAD   Dimethyl acetylenedicarboxylate  丁炔二酸二甲酯 
ee       Enantiometric Excess  对映体过量 
Et       Ethyl  乙基 
KHMDS  Potassium hexamethyldisilazide  六甲基二硅胺钾 
LDA     Lithium diisopropylamide  二异丙胺锂 
LiTMP   Lithium 2,2,6,6-tetramethylpiperidinate  2，2，6，6-四甲基哌啶锂盐 
Me      Methyl  甲基 
MMA    Methylmethacrylate  甲基丙烯酸甲酯 
Naph     Naphthyl  萘基 
NMR     Nuclear magnetic resonance  核磁共振 
Ph       Phenyl  苯基 
THF     Tetrahydrofuran  四氢呋喃 
TMEDA  N,N,N′,N′-tetramethylethylene diamine  N，N，N′，N′-四甲基乙二胺 
Tol      Toluene  甲苯 
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